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Abstract

Absence of blue oak (Quercus douglasii Hook. & Arn.) saplings and seedlings has

been noted throughout much of the species range. Our ability to assess whether the

present poor regeneration is a natural pattern or a response to human induced en-

vironmental change is limited by lack of data on the history of blue oak recruitment.

In this study, stand age analysis is used to reconstruct former patterns of blue oak
regeneration and recruitment in three blue oak woodlands on the Tejon Ranch, Kern
County, California. Analysis of 279 cross-sections showed that 56% of all stems

sampled were recruited in 1856. Prior to 1856, recruitment was relatively continuous.

Only 3%of all stems stems aged date to the period from 1 864 to the present. Analysis

of fire scars found an increase in fire frequency during the 1850's and 60's, followed

by a distinct decrease in fires for a 70 year period. Differing patterns of regeneration

were found to coincide with changes in local land use. During Indian occupation of

the area, the woodland appears to have been less dense, with a slow but steady process

of replacement, adequate to maintain the woodland. Changes in fire frequency and
browsing patterns, associated with European settlement in the mid- 19th century,

resulted in unusually high rates of regeneration and recruitment. Since the 1860's,

commercial livestock grazing, reduction of fire frequency, and an increase in density

have resulted in virtually complete suppression of regeneration.

Recent assessments of blue oak (Quercus douglasii Hook. & Arn.)

regeneration in California have found that recruitment of saplings

to trees appears insufficient at the present time to replace many
existing stands (Muick and Bartolome 1987; Bolsinger 1988). Stand

age analyses have identified several periods of successful regenera-

tion and recruitment since the mid-1800's. Evidence of blue oak
recruitment during the period from 1860-1900 has been found in

Monterey County (White 1966), Sequoia National Park (Vankat and
Major 1978), Yuba County and Tulare County (McClaran 1986).

McClaran (1986) also found a period of successful regeneration on
grazed sites in Tulare county between 1890-1940. At each site, a

lack of regeneration has been noticed since the early 1 900's, except

the grazed sites in Tulare county where recruitment declined after

1940.

White (1 966) noted that European settlement during the late 1 800's

produced a period of dynamic land use, but felt that the changes
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were too varied to identify which factors may have affected regen-

eration. Vankat and Major (1978) suggested that successful regen-

eration occurred at a time when the Indian presence was diminishing

and livestock grazing was increasing. They hypothesized that suc-

cessful regeneration was initiated by livestock grazing, which both

removed competing herbaceous species and decreased fuel levels,

resulting in less intense fires. McClaran (1986) found no clear re-

lationship between livestock grazing and regeneration; however, fire

had a positive effect, with 70-85% of the trees becoming established

within one year after a fire.

Because of insufficient data on the long term regeneration history

of blue oak, it is unclear whether the present pattern represents a

natural cycle, or a response to environmental change associated with

European settlement (Bartolome et al. 1987). The record of tree

establishment prior to 1860 is poorly documented, because of both
natural tree mortality and because study sites have been located in

areas of extensive settlement where clearing has occurred. Recog-
nition of natural patterns of regeneration and recruitment are also

complicated by the ability of blue oak to resprout following cutting.

In this study an area of woodland is examined that has been undis-

turbed by cutting throughout the period of European settlement. The
presence of many very large trees at the site also provided the po-

tential for obtaining a long temporal record. Evidence is presented

that suggests regeneration was relatively continuous prior to Euro-

pean settlement in the mid-1800's, but has been generally absent

since the late part of that century. Local land use and fire history

are examined to explain the effect of land use on blue oak regen-

eration and recruitment.

Study Site and Methods

Location and physical description. Tejon Ranch is located east of

Lebec in the Tehachapi Mountains in southern Kern County (Fig.

1). The ranch has been held as a single property since the 1860's,

and includes some of the largest undisturbed oak woodlands in the

state. The study area is at the southern edge of the range of blue

oak. Three sites were chosen which had been selectively cut for

firewood between 1982 and 1987. Tree cover was pure blue oak
with an herbaceous understory. The sites were between 975-1 150
m elevation, on Anaverde gravelly loam and Walong sandy loam
(USDA Soil Conservation Service 1981). Slope averaged from 20-
25% with aspects of 45, 210, and 320 degrees. Sites each covered

approximately 2.5 hectares, with a tree density of 224, 173, and 163

trees per hectare before cutting.

Collection of cross- sections. Cross-sections were collected from a

total of 279 stumps. To test whether a subsample of stumps rep-
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Fig. 1. Study area at the Tejon Ranch, near Lebec, Kern County, California. Con-
tours are in meters. Inset map of the distribution of Quercus douglasii is after Griffin

and Critchfield (1972).

resented the stand as a whole, sites were randomly sampled using

the point-quarter method (Cottam and Curtis 1956), including

standing and cut trees. Tree basal diameter was measured, and four

broad size classes were identified: <20 cm; 20-<45 cm; 45-<70
cm; and 70 cm and over. The percentage frequency distribution for

each size class in the stand was determined, and compared with the

available stumps on each site. Adequate numbers of stumps were
available in all size classes to cut one hundred cross-sections from
each stand; however, only stumps that appeared solid to the center

were collected. On site "B" only 90 cross-sections were collected

because heart-rot in the largest size class (70 cm and over) reduced

the number of usable stumps. For the same reason, only 89 cross-

sections were collected from site "C". On site "A", there were not

enough stumps available in the smallest size class (<20 cm) because

the woodcutters had avoided smaller trees. This shortage was sup-

plemented by collecting cores from ten randomly selected trees.

Stumps were cut at or below ground level in order to obtain the

oldest possible age count, since it has been shown that samples taken

from higher up the stem give younger dates (McClaran 1986; Harvey
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1989). To achieve this, the surrounding soil was excavated to ground

level on the downhill side before cutting.

Tree ring analysis. Cross-sections and cores were prepared and
analyzed at the University of California, Berkeley, Department of

Forestry laboratory. Samples were planed, sanded with 400 grit,

wetted with water and counted under a 10-30 x binocular dissecting

microscope. Marker rings of narrow and wide growth patterns were

identified as a cross-check for counting annual rings (Fritts 1976).

Tree rings were counted along two separate axes. In a few cases

where ring growth was wide and marker rings were easily identified,

a single count was assumed to be sufficient. In cases where two counts

produced different ages, these were averaged to provide a single date

for analysis. The greatest error rate for differing counts was 2 years

per 1 00 years. Where multiple centers were present in an individual

cross-section, the number of centers was counted.

Fire history. Fire scars were identified and ages determined. Scars

were cross-dated by comparing clearly identifiable ring sequences

between cross-sections as suggested by McBride (1983). Following

McBride and Jacobs (1980), mean fire interval (Romme 1980) was
calculated by site, for three different land use periods. The earliest

period (pre- 1842), predates European settlement and reflects abo-

riginal burning. Period two (1843-1865) represents a settlement

transition period during which European activity dramatically in-

creased in the area, but the Mexican land grants were not occupied

and utilized by the owners. The final period, (1866 to the present)

is characterized by a commercial interest in the property, continuous

livestock grazing, and fire control efforts.

Results

Tree recruitment. The ability of blue oak to sprout after the stem
has died (Griffin 1971) makes it impossible to determine the original
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Fig. 2. Number of blue oaks recruited per decade for three sites on Tejon Ranch,
Kern County, California. *Of the 183 trees recruited in the 1850's, 65 are from site

"A", 50 from site "B", and 68 from site "C". More specifically, 156 trees date to the
year 1856, including 61 from site "A", 44 from site "B", and 51 from site "C".
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Fig. 3. Number of fire scars on blue oaks, per decade, for three sites on Tejon Ranch,
Kern County, California.

date of acorn germination and seedling establishment. Ages assigned

to trees in this study represent stem age and do not necessarily reflect

the actual date of seedling establishment. As will be explained in

the discussion, many of the existing trees probably represent sprouts

from an existing root structure following the death of the former

stem.

The pattern of tree recruitment is fairly continuous from 1570 to

1850, punctuated by a dramatic regeneration peak in the 1850's,

and followed by an almost complete absence of recruitment since

the 1860's (Fig. 2). Fifty-six percent (156) of the stems aged date to

1856. Only three percent (9) of the stems date to the period from

1864 to the present, and several of these were shrubby saplings less

than three feet tall. Though the woodland included many small trees

with basal diameters less than 20 cm, most of these were found to

be over 100 years old. Five trees were over 400 years in age, with

the oldest being 4 1 2 years.

Fire history analysis. Fire scars were found on sixty-nine trees.

Sixteen trees had multiple scars, with one having seven. A chronolog-

Table 1 . Mean Fire-Free Interval for Three Different Land Use Periods at
Three Sites on the Tejon Ranch, Kern County, California, Based on Fire Scars
in Blue Oaks. Land use periods are described as follows: 1680-1842 = California

Indian period, 1843-1865 = Settlement transition period with a transient population

at Fort Tejon, 1866-1987 = Tejon Ranch period with commercial livestock grazing

and controlled access to the land.

Site "A" Site "B" Site "C"
Interval in

Period years

1680 A.D.-1842 A.D. 9.6 13.6 12.5

1843 A.D.-1865 A.D. 3.3 3.8 5.8

1866 A.D.-1987 A.D. 13.5 20.3 18.0
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Fig. 4. Vertical growth rate for six blue oaks established in 1856, from Tejon Ranch,

Kern County, California. Tree age was measured at the 60 and 135 cm heights.

ical graph of fire scars shows that fires occurred on a regular basis

prior to the 1860's, with periodic peaks of increased frequency and
a mean fire interval of approximately ten years or less, accounting

for the probable absence of some fires from the scar record (Fig. 3).

Fires were most common during the 1850's. After 1864, there was
a complete absence of fire scars until the late 1920's, a span of more
than 60 years. Mean fire interval during the period from 1843-1865
averaged four to five years (Table 1). Fires occurred every year from
1853 through 1856.

Vertical growth rates. In order to obtain an estimate of the vertical

growth rates of trees established in 1856, several standing trees were

cored at the base to determine their age. Six of these trees had become
established in 1856. These six trees were then cored again at the 60
and 1 35 cm heights (McClaran 1986). The latter height is considered

the browseline for cattle and deer, and is considered a critical point

for sapling survival. All of the trees cored reached 135 cm within

thirteen years (Fig. 4) with one growing to this height in only five

years, a fairly rapid rate for blue oak.

Multiple centers. One third of all trees sampled had multiple cen-

ters. In the 1856 cohort, almost 40% had multiple centers. In all

cases, each stem produced the same ring count, providing a single

age for each tree.

Discussion

Land use changes and oak regeneration. The results seem to sug-

gest three distinct patterns of regeneration and recruitment that co-

incide with different periods of local land use. During the period of

California Indian occupation, prior to European settlement, recruit-

ment of new trees into the canopy was low but relatively continuous.

The current mortality rate for California hardwoods has been esti-

mated to be 0.3% (Bolsinger 1988). At this rate, recruitment of only
five trees per hectare per decade would be sufficient to maintain
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these woodlands. Given the inevitable gaps in the record from mor-
tality and heart rot, the data suggest that during the Indian period

there was no regeneration and recruitment problem. Furthermore,

recruitment appears to have been a continual process, rather than

an episodic event.

During the mid 1800's, regeneration and recruitment were un-

usually successful, with a dramatic regeneration peak in 1856. This

coincides with the initial phase of European settlement in the region.

Four Mexican land grants were established in the 1 840's; however,

active European settlement did not begin until 1853 with the for-

mation of Sebastian Indian Reservation, followed by the construc-

tion of Fort Tejon in 1854 (Giffen 1942; Crowe 1957). Fort Tejon
housed up to 200 dragoons at any one time, and had a small pop-
ulation of merchants in the vicinity. The increase in human activity

coincided with a dry period, as shown by narrow growth ring patterns

and Sacramento precipitation records (McAdie 1903; Martin 1930).

The increase in fire frequency during the 1 850's-60's, with fires every

year from 1853-56, is probably a result of increased ignitions by a

transient population during a period of dry conditions.

Successful regeneration in the 1850's and 1860's is most likely

the result of sprout growth rather than seedling establishment from
acorns. In dry years, blue oak acorn germination is generally poor
and few seedlings appear (Griffin 1971, 1 980; McCreary 1989); how-
ever, under favorable conditions blue oak acorns readily germinate

and establish seedlings. Subsequent drought, fire or predation often

cause seedlings to die back, but they are capable of resprouting in

the following growing season (Griffin 1971). The dry conditions

present during this time period suggest that the regeneration peak
was not due to the abundant establishment of seedlings, but more
likely resprouting of seedlings and saplings burned by frequent fires.

Although mature blue oaks are fairly fire resistant, fire removes
the above ground stem and foliage of saplings and seedlings (Law-

rence 1966). Based on the relatively continuous recruitment of new
trees into the woodland during the Indian period, it seems likely

that seedlings, saplings, and small trees were present, and possibly

abundant, when European settlement began. A series of fires would
have removed the above ground portions of these small plants,

initiating sprouting from the base. McClaran (1986) demonstrated

that 70-85% of the blue oak in a stand may originate as sprouts

within one year of a fire. By this process, fire temporally concentrates

postfire sprouts (McClaran and Bartolome 1989). The 1856 regen-

eration peak provides clear evidence of this process.

Additional evidence for postfire sprouting is the high percentage

of forked, or multiple-centered trees. In a previously cut blue oak

stand, White (1966) found that 54% of the trees were forked below
breast height, and suggested a high percentage of forking would be

expected in a stand of sprouts. Almost 40% of the trees in the 1856
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cohort were multiple-centered. Cutting as the mechanism stimulat-

ing sprouting is unlikely in this case since the site is remote, fuelwood
is common, and there is no historical record of woodcutting in the

area.

Successful recruitment. Successful sprouting does not necessarily

result in recruitment of saplings and trees into the stand. Deer and
livestock are capable of suppressing vertical growth for long periods

by browsing young shoots and trampling seedlings. Repeated deer

browsing has been shown to maintain blue oaks as small shrubs for

as long as thirty years (Griffin oral communication). In the 1856

regeneration cohort, the six trees sampled for vertical growth rate

all reached the browseline within thirteen years, with one surpassing

this point in only five years. Clearly, vertical shoot growth does not

appear to have been suppressed by browsing.

Historical evidence suggests that deer populations and browsing

pressure were probably reduced during Fort Tejon's occupational

period, from 1854-1864. The soldiers were known to have held

hunting parties on a regular basis (Giffen 1942). The increase in

hunting may have been enough to reduce the local deer population

through mortality and migration.

McClaran and Bartolome (1989) have suggested that even under
heavier livestock browsing pressure, plants that surpass the browse-

line (135 cm) in approximately 10-13 years will be recruited into

the canopy. Postfire sprouts have been shown to grow almost twice

as fast as other trees (McClaran 1 986). A decade of reduced browsing
pressure and rapid vertical growth were probably key factors con-

tributing to the high rate of survival of the 1856 cohort.

A new period of land use began in the 1860's when General Ed-
ward Beale purchased all four Mexican land grants, consolidating

the property under the control of one individual. Beale introduced

commercial grazing in 1864, moving 14,000 head of sheep onto the

property (Giffen 1 942; Crowe 1957). Sheep were exchanged for cattle

in the 1880's, and commercial grazing has continued to the present.

Following the introduction of livestock, there was a sixty year period

with a very low fire frequency. This decrease in fires was probably
due to a reduction of ground fuels consumed by grazing livestock,

combined with new efforts to control ignitions. While on a collecting

trip, Grinnell (1905) noted, . . the whole of the country is fenced,

and hunters and campers kept out for fear of starting fires or dis-

turbing the stock." Cessation of fire further contributed to survival

of stems recruited during the 1 850's-60's, and resulted in an increase

in tree density and canopy cover, similar to changes documented
for oak woodlands on the prairie-forest border of the American
Midwest after European settlers suppressed Indian fires (Cottam
1949). By 1930 when fire frequency increased, the trees were large

enough to survive most ground fires.
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Current lack of regeneration. Since the 1 860's, almost no new trees

have been recruited. A number of potential factors, or most likely,

a combination of factors may be responsible for this. The introduc-

tion of commercial livestock grazing in the 1860's has probably had
a negative effect on seedling establishment and sapling growth. Al-

though McClaran (1986) did not find a clear relationship between
presence of livestock and successful blue oak regeneration, in other

studies cattle have been clearly identified with acorn and seedling

mortality (Borchert et al. 1989; Rossi 1979), and reductions in re-

cruitment (Harvey 1989).

The replacement of a perennial grass understory with introduced

annual grasses may increase competition with oak seedlings for soil

moisture, potentially reducing the available seedling bank (Gordon
et al. 1989).

Intraspecific competition may contribute to lack of recruitment

of saplings to trees. The flush of regeneration in the mid- 1 9th century

would have created a denser woodland than was present under In-

dian occupation, with an increase in canopy cover. Muick and Bar-

tolome (1987) found that although 60% of blue oak seedlings grew
under the canopy, 84% of all saplings were on the canopy edge or

in the open. A reduction in openings may contribute to lack of sapling

growth by decreasing suitable sites.

In summary, land use has changed significantly during the last

two centuries; most important here are changes in fire frequency and
the introduction of livestock and competitive annuals. This study

has shown that the present stand structure is different from what
existed during the pre-European period. The existing woodland is

therefore not the result of an ongoing process of natural regeneration

and recruitment, but of changes in land use practices, associated

with European settlement. Vankat and Major (1978) reported a sim-

ilar situation in Sequoia National Park, where an increase in blue

oak density followed the demise of the Indians and the beginning

of livestock grazing in the 1860's and 1870's. In this respect, lack

of regeneration is perhaps a more complicated consequence of Eu-

ropean settlement than has generally been recognized. It is not simply

that grazing, changes in fire frequency, and competition from annuals

have prevented regeneration, but furthermore that the density of

stands themselves is an artifact of European impacts.
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